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ABSTRACT

Studies have shown similarities in the structure of influenza and coronaviruses, in their binding receptors and in
patterns of immune responses; and that influenza vaccine can induce cross-immunity. We examined the
association of previous influenza vaccination and severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, resulting in coronavirus disease-2019 (COVID-19), among 715,164 members of a health
maintenance organization. In a multivariate regression model, the odds ratios for SARS-CoV-2 infection
among individuals vaccinated for influenza in 2018-2019, 2019-2020, and in both seasons, compared to non-
vaccinated individuals, were 0.82 (95% Cl 0.68-0.99, p = .048), 0.79 (95% Cl 0.67-0.98, p = .005), and 0.76 (95% Cl
0.61-0.97, p = .004), respectively. Based on our findings, administration of influenza vaccine before the influenza
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season is highly recommended to reduce the burden of influenza, which is critical in scenarios of outbreaks of
both influenza and SARS-CoV-2 infections, and also regarding its association with reduced rate of COVID-19.

Introduction

The new severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has crossed the species barrier, causing the cur-
rent coronavirus disease 2019 (COVID-19) pandemic, with ser-
ious morbidity and mortality."* The severity of the infection is
variable, ranging from asymptomatic infection to a complicated
prolonged course. Case series have identified risk factors for
poor outcome, including older age, male gender, and certain
underlying diseases."” A community-based study of 3,802 indi-
viduals tested for SARS-CoV-2 identified that variables as male
gender, age 40-64 years, living in underserved areas, obesity,
and chronic kidney disease were associated with a positive
SARS-CoV-2 result.*

The host immune response to SARS-CoV-2 is of prime
importance regarding the severity of the infection and its asso-
ciated mortality and morbidity.” In a subgroup of patients,
dysregulation of the innate immune response occurs, which is
manifested by macrophage activation and overproduction of
interleukin-6, leading to sudden clinical deterioration with
severe respiratory distress 7-10 days after symptom onset."°
Likewise, although children usually have a very mild course of
COVID-19, a small proportion develops a life-threatening com-
plication, designated as hyperinflammation or cytokine storm
syndrome, with multi-organ involvement.”

Although SARS-CoV-2 does not mutate as frequently as
influenza virus, the structures of these respiratory viruses
share similarities, and they both contain sialic acid residues
linked to glycoproteins or gangliosides as receptors for their
binding proteins.*” A report of a comprehensive longitudinal
analysis of the humoral and cellular immune responses to
SARS-CoV-2 showed similar findings to those reported by
the same group in patients with influenza.'®'" Epidemiologic

studies revealed complex relations between influenza vaccina-
tion and the rates of other viral respiratory pathogens.'*”**

The relations between influenza vaccination and SARS-CoV
-2 infection is unknown, although both infections might co-exist
in the coming winter. Therefore, the objective of the present
study was to elucidate the association of previous influenza
vaccination and COVID-2019 by conducting a comprehensive
population-based analysis.

Methods
Study design

We conducted a population-based study utilizing data from
a large health maintenance organization (HMO) - Leumit
Health Services, which provides services to around 715,000 mem-
bers dispersed in the country. The HMO has a comprehensive
computerized database, continuously updated since 2000, regard-
ing demographics, medical diagnoses, medical visits, hospitaliza-
tions, and laboratory examinations. All laboratory results and
vaccinations are incorporated automatically into the patients’
medical files. Al HMO members have similar access to all health
services. During each physician visit, a diagnosis is entered or
updated according to the International Classification of Diseases
9™ revision (ICD-9). The validity of diagnoses in the registry was
confirmed as high.'> The current study was approved by the
HMO Institutional Ethics Committee (number 1292-LEU).

Study period and population

The study period was from February 1%, 2020 to April 30, 2020
(the first COVID-19 patient was diagnosed in the country in
February 2020). The 715,164 individuals who were registered in

CONTACT llan Green @ ilangreen.md@gmail.com @ Leumit Health Services, Tel-Aviv, Israel.

© 2020 Leumit Health Services


http://orcid.org/0000-0002-9435-7152
http://orcid.org/0000-0001-7244-0679
http://orcid.org/0000-0001-5469-0236
http://orcid.org/0000-0001-9804-7103
http://orcid.org/0000-0003-2406-6402
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2020.1852010&domain=pdf&date_stamp=2021-05-21

2170 I. GREEN ET AL.

the HMO throughout this period constituted the study popula-
tion. According to the country national policy since 2012,'°
influenza vaccination is offered free of charge to all citizens
older than 6 months, including HMO members; persons aged
265 years and individuals with underlying chronic medical con-
ditions receive reminders before the influenza season. The influ-
enza vaccine is usually given during the fall, starting in October,
mainly in November, and occasionally continued in January and
even February of the next year. In 2019-2020, the four-valent
split influenza vaccines (Vaxigrip-Tetra, Sanofi-Pasteur, France
or Fluarix-Tetra, GSK, United Kingdom) were used; in
2018-2019, a three-valent vaccine (Influvac, Abbot, USA) was
also used in <10% of the vaccinees. The Israeli Ministry of Health
recommends vaccination for the entire population over the age
of 6 months. The vaccine is strongly recommended for people
who may suffer from influenza complications: patients over
65 years and individuals with defined underlying illnesses."®

Study design A - a cross-sectional study based on the
results of SARS-CoV-2 PCR test

22,563 (3.15%) members of HMO underwent examinations for
SARS-CoV-2 during the study period and were included in this
analysis Figure 1A. Testing was performed only by physician
referral. The HMO and the national criteria for SARS-CoV-2
examination included: direct exposure to a confirmed COVID-
19 patient or presenting symptoms suggesting COVID-19

(essentially cough, shortness of breath or any other respiratory
symptoms, with fever). Nasopharyngeal swabs were taken and
examined for SARS-CoV-2 by a real-time RT-PCR assay with
internal positive and negative controls according to the guide-
lines of the World Health Organization.'® Allplex"™ 2019-nCoV
Assay (Seegene Inc., Seoul, Republic of Korea) was used until
March 10", 2020, and since then - the COBAS SARS-Cov-2
6800/8800 (Roche Pharmaceuticals, Switzerland). Individuals
with positive and negative results of the SARS-CoV-2 examina-
tion were compared according to their receiving influenza vac-
cines for the winters of 2018-2019 and 2019-2020. Multiple
additional data that could affect the rate of COVID-19 were
collected for each individual from the HMO computerized data-
base. This included age, gender, residential socioeconomic status
(SES), weight, height, body mass index, smoking status, selected
somatic or psychiatric comorbidities, and hospitalizations.

Study design B - population-based analysis

As the criteria for performing the SARS-CoV-2 examination
were rather strict, a significant selection bias in performing the
test is unlikely. However, to control for a bias caused by
different rates of testing by various populations (individuals
vaccinated against influenza vs. those not vaccinated, indivi-
duals with certain underlying diseases vs. those with no under-
lying diseases, etc.) - an additional population-based analysis
was performed Figure 1B. All 715,164 members of the HMO
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Figure 1. Study flow chart. A) by results of SARS-CoV-2 testing, B) population-based.



throughout the study period were included in this analysis.
Rates of positive SARS-CoV-2 results among all the members
of the HMO were compared by previous influenza vaccination.

Definitions

SES was defined according to a person’s home address. The
Central Bureau of Statistics classifies all cities and settlements
into 20 levels of SES. As usually accepted and reported before,
three categories of SES were defined for the present study:
levels one to seven were categorized as low SES, eight to 13 as
middle SES, and 14 to 20 as high SES."” Ethnicity was also
defined according to the home address of the HMO member,
and categorized into three groups: secular Jewish population,
orthodox Jews, and Arabs.

Obesity was defined as BMI>30 Kg/m>. All the somatic and
psychiatric diagnoses were based on ICD-9 codes. We concen-
trated on medical conditions that might affect the rates or
severity of COVID-19, including mainly chronic lung disor-
ders (asthma, chronic obstructive pulmonary disease), diabetes
mellitus, hypertension, ischemic heart disease, heart failure,
depressive and anxiety disorders, schizophrenia, dementia,
smoking, and obesity.">*'®

Statistical analysis

Statistical analysis was conducted using STATA 12 software
(StataCorp LP, College Station, TX, USA). Assumptions were
two-sided with o of 0.05. Initial analysis compared demo-
graphic characteristics between the study groups (positive vs.
negative SARS-CoV-2 results and rates of SARS-CoV-2 posi-
tive results), using Student’s t-test and Fischer’s exact x test for
continuous and categorical variables, respectively, based on
normal distribution and variable characteristics. These charac-
teristics included age, gender, ethnicity, underlying medical
conditions, obesity, and smoking status. Categorical data
were shown in counts and percentages. Data on continuous

Table 1. Demographic variables and their association with SARS-CoV-2 results.
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variables with normal distribution were presented as means
and standard deviation or 95% confidence intervals (CIs).

Risk estimates were first evaluated by stratified analyses.
Subsequently, multivariable regression models were used to
estimate crude and adjusted odds ratios (ORs) and Cls for
associations between receipt of influenza vaccine and
a positive PCR test for SARS-CoV-2, while controlling for
potential confounders. The problem of multicollinearity
among the variables in the models was tested by calculating
the variance inflation factor (VIF).

Results

Demographic characteristics and medical conditions
associated with SARS-CoV-2 positivity

The age range of the 22,563 individuals who were examined for
SARS-CoV-2 was 6 months to 106 years; the mean age was
39.2 years. Of these, 1,824 (8.1%) had at least one positive result,
representing 0.26% of the HMO population, and 20,739 (91.9%)
had only negative results Figure 1A. In a primary univariate
analysis, individuals who tested positive were younger, and more
likely to be male and to reside in a city or town with a lower SES
than those who tested negative Table 1. Orthodox Jews was the
ethnic group with the highest proportion testing positive for
SARS-CoV-2 (20.5%); Arabs were the groups with the lowest
proportion testing positive (2.3%).

Most of the underlying medical conditions examined
were associated with SARS-CoV-2 positivity Table 2. In
particular, smoking, chronic lung diseases, diabetes melli-
tus, hypertension, heart diseases, and mental illnesses, were
significantly associated with SARS-CoV-2 positivity (details
in Table 2).

SARS-CoV-2 positivity by previous influenza vaccination

The study population was classified into four strata according
to previous influenza vaccination: not vaccinated for the

Demographic variable Total tested SARS-CoV-2 positive SARS-CoV-2 negative p-valuea
All cohort tested, number (%) 22,563 (100%) 1,824 (8.08%) 20,739 (91.92%) -
Age, years (mean+SDO0 39.2 £225 334 +£204 39.8 £22.6 <0.001
Age category N (%)

0-5 years 995 (4.41%) 71 (7.14%) 924 (92.86%) <0.001

>5-20 years 3,178 (14.08%) 481 (15.14%) 2,697 (84.86%)

>20-40 years 8,501 (37.67%) 620 (7.30%) 7,881 (92.70%)

>40-60 years 5,401 (23.93%) 416 (7.70%) 4,985 (92.30%)

>60-80 years 2,994 (13.26%) 202 (6.74%) 2,792 (93.26%)

80+ years 1,494 (6.62%) 34 (2.27%) 1,460 (97.73%)

265 years 3,347 (14.83%) 151 (4.51%) 3,196 (95.49%) <0.001
Residential socioeconomic status

Low 12,235 (54.23%) 1,341(73.52%) 10,894(52.53%) <0.001

Middle 7,308 (32.39%) 296(16.23%) 7,012(33.81%)

High 1,308 (5.80%) 68(3.73%) 1,240 (5.98%)
Missing data 1,712 (7.59%) 119 (6.52%) 1,593 (7.68%)
Gender, N (%)

Male 11,635 (51.57%) 975 (8.37%) 10,660 (91.62%) 0.093
Ethnic group

Secular Jews 7,725 (34.24%) 329 (4.26%) 7,396 (95.74%) <0.001

Orthodox Jews
Arabs
Missing data

5,530 (24.51%)
4,997 (22.15%
4,311 (19.10%)

1,136 (20.54%)
116 (2.32%)
243 (5.63%)

4,881 (97.68%)

(
4,394 (79.46%)
(
4,068 (94.36%)

“The p-values relate to the various strata of each category (age, SES, gender, etc).
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Table 2. Underlying medical conditions and their association with SARS-CoV-2 results.

Variable N (%) Total tested SARS-CoV-2 positive SARS-CoV-2 negative P-value
Smoking 3,359 (14.88%) 90 (2.67%) 3,269 (97.33%) <0.001
Depression/anxiety 1,917 (8.5%) 114 (5.94%) 1,803 (94.05%) <0.001
Schizophrenia 505 (2.24%) 30 (5.94%) 475 (94.06%) 0.074
Dementia 1,066 (4.72%) 35 (3.28%) 1,031 (96.72%) <0.001
Chronic lung disease 2,298 (10.18%) 131 (5.70%) 2,167 (94.3%) 0.005
Diabetes mellitus 3,389 (15.02%) 207 (6.1%) 3,182 (93.9%) 0.023
Hypertension 4,363 (19.33%) 230 (5.27%) 4,133 (94.73%) <0.001
Ischemic heart disease 2,139 (94.80%) 84 (3.93%) 2,055 (96.07%) <0.001
Cerebrovascular disease 550 (2.43%) 18 (3.27%) 532 (96.73%) <0.001
Chronic heart failure 593 (2.62%) 20 (3.37%) 573 (96.63%) <0.001
Obesity 4,708 (20.86%) 366 (7.77%) 4,342 (92.22%) 0.667
Table 3. Crude odds ratio of previous influenza vaccination status and SARS-CoV-2 results (sensitivity analysis).
Previous vaccination status Total tested SARS-CoV-2 positive SARS-CoV-2 negative Crude OR (95% Cl) for positivity P-value
All cohort 22,563 (100%) 1,824 (8.08%) 20,739 (91.92%) - -
Not vaccinated 16,779 (74.36%) 1,511 (9.00%) 15,268 (91.00%) 1 (reference) -
Vaccinated only in 2018-19 1,073(4.75%) 69(6.43%) 1,004 (93.57%) 0.69(0.54-0.89) 0.004
Vaccinated only in 2019-20 2,310 (10.23%) 139(6.01%) 2,171(93.99%) 0.65 (0.54-0.77) <0.001
Vaccinated in 2019-20 and 2018-19 2,401 (10.64%) 105(4.37%) 2,296(95.63%) 0.47 (0.38-0.57) <0.001
Table 4. Multivariate analysis of the variables associated with SARS-CoV-2 positivity.
Multivariate analysis
Variable Crude OR (95% Cl) P value OR (95% Cl) P value VIF*
Vaccinated in 2019-20 and 2018-19 0.47 (0.38-0.57) 0.001 0.76 (0.61-0.97) 0.004
Vaccinated in 2019-20 0.65 (0.54-0.77) 0.001 0.79 (0.67-0.98) 0.005 1.01
Vaccinated in 2018-19 0.69 (0.54-0.89) 0.004 0.82 (0.68-0.99) 0.048 1.03
Age 0.97 (0.96-0.98) 0.001 0.99 (0.99-0.99) 0.007 1.08
Orthodox Jews 2.63 (2.32-2.94) 0.001 1.52 (1.29-1.79) <0.001 1.03
Low socioeconomic status 2.79 (2.48-3.14) 0.001 2.57(2.26-2.89) <0.001 1.73
Smoking 1.16 (1.11-1.23) 0.001 1.09 (1.02-1.17) 0.012 1.56
Depression/anxiety 0.70 (0.58-0.85) 0.001 0.90 (0.72-1.13) 0.381 1.91
Dementia 0.37 (0.27-0.53) 0.001 0.81 (0.54-1.22) 0.332 1.73
Hypertension 0.58 (0.50-0.67) 0.001 0.85 (0.69-1.04) 0.119 1.69
Ischemic heart disease 0.44 (0.35-0.55) 0.001 0.63 (0.48-0.82) <0.001 1.85
Cerebrovascular disease 0.38 (0.24-0.61) 0.001 0.75 (0.45-1.25) 0.280 1.07
Chronic heart failure 0.39 (0.25-0.61) 0.001 0.72 (0.43-1.22) 0.231 247
Diabetes mellitus 0.71 (0.61-0.82) 0.023 1.21 (0.99-1.48) 0.485 2.67
Chronic lung disease 0.66 (0.55-0.79) 0.005 0.78 (0.62-0.95) 0.024 2.21

*VIF when all covariates are in the model

2018-2019 or 2019-2020 seasons, vaccinated only for
2018-2019, vaccinated only for 2019-2020, or vaccinated in
both 2018-2019 and 2019-2020. Compared to non-vaccinated
persons (the reference group), receiving at least one influenza
vaccination was associated with a significantly reduced rate of
SARS-CoV-2 positivity. Influenza vaccination only during
2018-2019, only during 2019-2020, and during both seasons
was gradually and significantly associated with lower SARS-
CoV-2 positivity; the crude ORs were 0.69, 0.65, and 0.47,
respectively (details in Table 3).

Multivariate analysis

Significant associates (possible confounding factors for the
association with influenza vaccination) were entered to the
regression model. Only a few variables remained significantly
associated with SARS-CoV-2 positivity, including low residen-
tial SES, smoking, chronic lung diseases, and heart diseases
(details in Table 4). After controlling for the demographic
variables and underlying conditions, previous influenza vacci-
nation was still significantly associated with reduced rates of

SARS-CoV-2 positive result. Compared to individuals who
were not vaccinated for influenza, those who were vaccinated
only in 2018-2019 had an adjusted OR of 0.82 (95% CI 0.68--
0.99, p = .048), those vaccinated only in 2019-2020 had an OR
0f 0.79 (95% CI 0.67-0.98, p = .005), and those vaccinated both
in 2018-2019 and in 2019-2020 had an OR of 0.76 (95% CI
0.61-0.97, p = .004). The VIFs were all less than 5, indicating
that there was a very mild multicollinearity between the vacci-
nation and other conditions in our data, which was not sig-
nificant enough to warrant further corrective measures.

Population-based analysis

The previous influenza vaccination statuses of the 715,164
individuals who were registered in HMO throughout the
study period were as follows: 571,836 (80%) were not vacci-
nated for the 2018-2019 or 2019-2020 influenza seasons,
26,130 (3.6%) were vaccinated only for the 2018-2019 season,
57,716 (8.1%) were vaccinated only for the 2019-2020 season,
and 59,482 (8.3%) were vaccinated for both influenza seasons
Figure 1B. Vaccination rates of individuals aged 265 years were
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Table 5. Prevalence of population-based SARS-CoV-2 positivity by previous influenza vaccination status.

Previous influenza vaccination SARS-CoV-2 Risk ratio

status Total positive (95%Cl) P value
Total insured population 715,164 1,824 (0.26%) - -
Not vaccinated 571,836 (79.96%) 1,511 (0.26%) 1 (reference) -
Vaccinated only in 2018-19 26,130 (3.65%) 69 (0.26%) 1.002 (0.99-1.00) 0.062
Vaccinated only in 2019-20 57,716 (8.07%) 139 (0.24%) 0.91 (0.85-0.98) 0.023
Vaccinated in 2019-20 and 2018-19 59,482 (8.32%) 105 (0.18%) 0.67 (0.56-0.79) <0.001

higher, with 54% receiving an influenza vaccine in at least one
of these two seasons compared to 13% in those younger than
65 years. The cumulative prevalence of infection with SARS-
CoV-2 during the three-month study period in the whole
population was related to previous influenza vaccination: vac-
cination in 2019-2020 showed a relative risk of 0.91 (p = .023)
and vaccination in both influenza seasons - a relative risk of
0.67 (p < .001), as detailed in Table 5.

Discussion

The present study documents an association between previous
influenza vaccination and reduced SARS-CoV-2 positivity,
namely reduced COVID-19 infection. This novel association is
strengthened by examining a number of levels of previous
influenza vaccination and by two methodological approaches.
First, using a cross-sectional approach, we compared all the
members of the HMO who tested positive for SARS-CoV-2 by
RT-PCR, with those who tested negative. All the variables that
were significantly associated with SARS-CoV-2 positivity were
further examined in a multivariate regression model, which
documented the significant association of previous influenza
vaccination. We found a hierarchy in the impact of influenza
vaccination on COVID-19 infection. In the multivariate model,
compared to individuals who were not vaccinated, for those who
were vaccinated only for the 2018-2019 influenza season, about
14 months before the COVID-19 epidemic, the OR was 0.82
(95% CI 0.68-0.99, p = .048). For those vaccinated only for the
2019-2020 season, a few weeks before the epidemic, the OR was
0.79 (95% CI 0.67-0.98, p = .005), and for those vaccinated for
both seasons, the OR was 0.76 (95% CI 0.61-0.97, p = .004).
The univariate and multivariate analyses of this community-
based cross-sectional study showed similar findings as reported
by previous community- and hospital-based studies. Specifically,
smoking, low SES, and certain underlying medical conditions
were significantly associated with increased infection in the
multivariate analysis."* However, we added the variable of
previous influenza vaccination and showed its significant asso-
ciation with SARS-CoV-2 positivity. We studied the rates of
COVID-19 infection, not its severity; for example, although
young age has high infectious rates, older people present
a more severe course with higher morbidity and mortality."
To confirm our findings in the cross-sectional approach, we
examined the prevalence of SARS-CoV-2 positivity among the
entire population of 715,164 members of HMO, according to
their influenza vaccination during the current and previous
seasons. The significant impact of receiving an influenza vaccine
was documented again, with the hierarchy documented as well.
Compared to influenza non-vaccinated individuals, vaccination
for only the 2018-2019 influenza season, over 1 year before the

COVID-19 epidemic, had no significant association. Vaccination
for the 2019-2020 season showed a relative risk of 0.91 (95% CI
0.85-0.98, p = .023). Finally, vaccination for both the 2018-2019
and 2019-2020 influenza seasons showed a relative risk of 0.67
(95% CI 0.56-0.79, p < .001). Thus, the OR for COVID-19
positivity was lower when the influenza vaccine was given more
recently and during two consecutive influenza seasons.

The documented association between previous influenza
vaccination and COVID-19 infection does not prove causality.
However, it is the first crucial step in elucidating the relation
between influenza vaccination and SARS-CoV-2. In an ecolo-
gical Italian study investigating the role of Influenza vaccine in
reducing COVID-19 prevalence, influenza vaccination cover-
age rates correlated negatively with all COVID-19 outcomes,
the coverage rate of the influenza vaccination in people aged 65
and over was associated with a reduced spread and a less severe
clinical expression of COVID-19."” Another research from U.S
explored the influence of influenza vaccine on covid-19 infec-
tion in the country level. They found that a 10% increase in
vaccination coverage was associated with a statistically signifi-
cant 28% decrease in the COVID-19 death rate.”

Previous studies have shown some similarities in the structure
of influenza and coronaviruses,>" in their binding receptors,® and
in the patterns of the induced immune responses.'>'" Therefore,
the mechanisms of the association between influenza vaccination
and COVID-19 should be further investigated.

In our multivariate regression model, we attempted to control
for variables — demographic, ethnic, and comorbidities - that
might affect SARS-CoV-2 positivity, and confirmed the indepen-
dentassociation of a previous influenza vaccination and COVID-
19 infection. Other confounders may play a role. We cannot rule
out, for example, that individuals who received the influenza
vaccine just a few weeks before the COVID-19 pandemic care
more about their health, have higher awareness to prevention of
infection, have distinct health-seeking patterns, or more strictly
followed recommendations of health authorities regarding
hygiene measures and social distancing, which are crucial to
preventing SARS-CoV-2 infection or have other unforeseen resi-
dual confounders. The bottom line, however, is that individuals
who have been vaccinated against influenza had lower rates of
COVID-19 after controlling for other related variables.

Our research has several limitations. First, we performed
a case-control analysis to evaluate the association between influ-
enza vaccination and COVID-19, not a randomized-controlled
study that is always preferred. However, since an influenza
vaccine is recommended in many locations, universally or to
high-risk individuals, who are usually at high risk for COVID-
19 - such a study is not feasible and probably not ethical. The
possibility that an influenza vaccine was administered outside
the HMO or not recorded is very unlikely. It is questionable
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whether the HMO members represent other populations. While
they probably represent populations in developed countries, we
recommend that the study be repeated in other locations.
Associations of influenza vaccination with the severity of
COVID-19 infection were beyond the scope of the present
study, and should be investigated in future research.

A major strength of our study is the relatively large cohort
size, which includes all individuals registered at the HMO, with
a computerized database that is updated regularly and that
includes demographic details, medical diagnoses, and vaccine
recording. In addition, we approached the research question by
several methodologies, with four strata of influenza vaccine
administration. These revealed similar conclusions on the asso-
ciation between influenza vaccination and COVID-19.

A co-infection of the viruses influenza A and SARS-CoV-2
in a patient with pneumonia was documented.”” As seasonal
influenza outbreaks are expected, with their significant burden
on morbidity and mortality, a double-hit with both influenza
and SARS-CoV-2 infections can occur and challenge the cap-
abilities of the health systems to respond appropriately.
Infection control measures are similar for both infections, as
they actually share transmission routes.”” As a vaccine against
SARS-CoV-2 is not yet available, vaccination against seasonal
influenza, which is recommended in many locations is crucial
in preparing for the near future,'®*** although vaccine hesi-
tancy is a complex problem.***’

In conclusion, based on our findings, it is recommended to
administer the influenza vaccine before the influenza season.
This will reduce the burden of influenza, the widespread circula-
tion of influenza strains, and is critical in scenarios of outbreaks
or even increased incidence of both influenza and SARS-CoV-2
infections. Importantly, reduced rates of COVID-19 may also be
expected. Special attention and priority should be given to indi-
viduals with high-risk conditions,'®** which are very similar for
influenza and COVID-19. Healthcare services should prepare
accordingly.
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